Means of Cell Identification.
Until recently the morphological structure of a cell has furnished the chief criterion for its identification. Erythrocytes and leukocytes, nerve and muscle cells, and various other specifically differentiated cells exhibit in their structure sufficient characters for their identification.
The identification of groups of different cells connected locally and genetically is more difficult. In the hematopoietic organs of an adult organism, for example, there are located groups of different cells connected by uninterrupted stages of transition. The youngest and the least differentiated cells give rise to more highly differentiated cells, and at the same time increase their number by multiplication. The proliferation of the young stem cells and their simultaneous differentiation in various directions, according to environmental conditions, lead to considerable diversity between cells, coexisting in time and place; and the various stages of different cells may sometimes manifest merely slight and doubtful peculiarities in their structure.
In similar cases histo-and embryogenetic studies may be of assistance in the identification of various cells, and may establish a gradual differentiation of the cells, in accordance with different embryonic stages. They may also connect certain structures with definite external factors, and by this means greatly facilitate the identification of the various cells in the adult organism. There still remain many cases in which the identification of cells is doubtful. 87 The small round cells of the cortex of the thymus are an example of this.
It has recently been established that the form of the cell is not a characteristic of certain kinds of cells. The method of tissue culture, which gives an opportunity of observing directly the gradual changes, occurring in the cell in vivo, shows how unessential the form of the cell is for its inherent potencies, and how completely this form depends upon the physical conditions under which the cell lives.
Harrison' has shown that the nerve cells of frogs may be stimulated by solids, that they respond to solids by an orienting movement, that they adapt their form to that of the spider web, and, finally, that they become spherical within a large hanging drop. Uhlenhuth 2 has established the dependence of the form of the epithelial cell upon the density of the medium in which the cell is growing. In a soft medium the epithelial cell, according to Uhlenhuth, assumes a spindle form, which is generally considered a characteristic feature of connective tissue cells. On the other hand, a liquid medium makes the epithelial cell spherical in shape. Burrows 3 connects the shape of the cell with a distribution of metabolic products in the medium. Finally, Rous 4 has shown that the spindle-shaped cells of connective tissue growing in vitro, when liberated from the clot by means of trypsin, assume at once the spherical form. Thus the cell form in its latest conception is not a criterion for cell identification.
To what extent, therefore, has our conception regarding specifically differentiated cells to be altered? Is the cell form merely the reflection of the density of the medium or is a certain kind of cell form implied also by the chemical constitution of the cell? There is strong evidence for the assumption that the shape of the cell is the result of external physical factors. On the other hand, the structural differentiation of the cyto-and karyoplasm seems to depend upon the chemical constitution of the cell and upon the environmental conditions to which the cell is submitted. The specific chemical constitution of the different cell groups is exhibited in their specific morphological structure and is manifested in the resting stage as. well as in the mitotic stage. The differences in the constitution of the cells make them non-interchangeable even under equal conditions, at least under those found in the living organism.
The process of cell differentiation under definite conditions is always the same for certain kinds of cells. Therefore the manifestation of further differentiation potentialities by a cell, the nature of which is doubtful, may be used as a criterion for its identification.
The Small Thymus Cells.
The nature of the small thymus cells has long been a subject of controversy. These cells are considered by one group of investigators (Prenant, 5 Bell, 6 St6hr, 7 and others) as derivatives of the epithelium and capable of again developing into true epithelial cells. In accordance with this conception, the form and the structure characteristic of a definite cell group, by means of which the cell unity of the small lymphocyte was easily identified (in the blood, in the loose connective tissue, in the bone marrow, in the lymph glands, and in the spleen), became an unessential and temporary attribute of cells, in reality entirely unrelated to the small lymphocytes.
Another group of investigators (Maximow, 8 Danchakoff, 9 and G Prenant, A., Recherches sur le dveloppement organique et histologique des drives branchiaux, Compt. rend. Soc. biol., 1893, v, 546 . Prenant and Saint Remy, Sur l'evolution des formations branchiales chez le lzard et l 'orvet, Conmpt. rend. Acad., 1902, cxxxv, 1. 6 Bell, E. T., The Development of the Thymus, Am. J. Anat., 1906, v, 29. 7 St6hr, P., Ueber die Natur der Thymus-Elemente, Anat. Hefle, 1906, xxxi, 407. 8 Maximow, A., Untersuchungen fiber Blut und Bindegewebe. V. tUber die embryonale Entwicklung der Thymus bie Selachiern, Arch. mikr. Anal., te Abt., 1912, lxxx, 39. 9 Danchakoff, V., Untersuchungen fiber die Entwicklung von Blut-und Bindegewebe bei V6geln; das lockere Bindegewebe des Hiihnchens im fetalen Leben, Arch. mikr. Anat., 1908-09, Ixxiii, 117 ; Ueber die Entwickelung der embryonalen Blutbildung bei Reptilien, Verhandl. anat. Ges., Anat. Anz., 1910, xxxvii, Suppl., 70. especially Hammarl°) established a close connection between the development of the small thymus cells and an infiltration of the thymus by wandering cells, which proliferated and differentiated within the epithelial thymus anlage into small lymphocytes.
Most of the investigators of both groups based their conclusions on the histogenetic principle of the gradual differentiation of one class of cells from the other. Both groups of investigators supported their conclusions by the existence of transition stages between the differentiated small thymus cells and the cells from which they were derived. As a matter of fact, one group referred to transition stages between the small thymus cells and the invading mesenchymal elements, whereas the other mentioned no less definitely the presence of transition stages between the small thymus cells and the cells of the epithelial anlage, overlooking the infiltration of the anlage by wandering cells of mesenchymal origin. The structure of the small thymus cells, identical with that of the small lymphocytes, caused them to appear merely as a disguised form of a true epithelial cell.
The insufficiency of the histogenetic principle in the identification of the small thymus cells was obvious from the fact that in 1908 various workers in the Institute for Histology at Moscow simultaneously expressed opposite views. Gamburtseff" considered the small thymus cells to be epithelial elements; Danchakoff 2 established in the thymus of birds a differentiation of the small lymphocytes at the expense of lymphoid hemocytoblasts (large lymphocytes Entwcklngsges., 1909, xix, 274. 12 Danchakoff, V., Untersuchungen fiber die Entwicklung von Blut-und Bindegewebe des Hiihnchens im fetalen Leben, Arch. mikr. Anat., 1908-09, lxxiii, 117. 13 Maximow, A., Untersuchungen tiber Blut und Bindegewebe. IV. ter die Histogenese der Thymus bei Amphibien, Arch. mikr. Anat., Ite Abt., 1912, lxxix, 560 ; V. tber die embryonale Entwicklung der Thymus bei Selachiern, ibid., lie Abt., 1912, lxxx, 39. the thymus cells in mammals, amphibians, and selachians; the same was done by Danchakoff' 4 in the case of reptiles.
The balance of evidence has of late appeared strongly to support the substitution theory, or the theory of the true lymphatic nature of the small thymus cells. However, this problem has not been conclusively solved.
The recourse to cell differentiation as to a criterion for cell identification is not altogether new. In 1909 Schaffer's stated that the transformation of the small thymus cells into plasma cells in the lobules of the thymus during involution of the organ may give proof of their true lymphatic nature.
The fact that the mother cells of the small thymus cells in reptiles also differentiate into numerous granulocytoblasts is accounted for by Danchakoff" (1910) by the lymphatic nature both of the small thymus cells and of their mother cells. Maximow also mentions the existence of a slight granulocytoblastic development in the thymus of mammals.
It is known that the small lymphocytes develop in part at the expense of the mesenchymal cells, but they appear chiefly as the result of an intense proliferation of the lymphoid hemocytoblasts. The mesenchymal cells, however, as well as the lymphoid hemocytoblasts, are similarly capable of differentiating under definite conditions into granulocytoblasts and granulocytes (granular leukocytes). This line of differentiation is absent in the epithelial cells.
The mother cells of the small thymus cells manifest distinctly in the normal embryos of reptiles (Danchakoff") their power of differentiating into granulocytoblasts. This line of differentiation is, however, only slightly exhibited in birds. In the connective tissue septa but few granulocytoblasts are seen developing at the expense of lymphoid wandering cells. If by experimental intervention the line of differentiation of the mother cell of the small thymus cells may be inter-14 Danchakoff, V., tber die Entwicklung des Blutes in den blutbildenden Organen bei Tropidonotus natrix, Arch. mikr. Anat., 1916, lxxxvii, 497. '5 Schaffer, J., Utber Thymus und Plasmazellen, Zentr. Physiol., 1908-09, xxii, 422. 16 Danchakoff, V., Ueber die Entwickelung der embryonalen Blutbildung bei Reptilien, Verhandl. anat. Ges., Anat. Anz., 1910, xxxvii, Suppl., 70. changed, if it may be directed, for example, into the granulocytoblastic mode of differentiation (which is characteristic only of true lymphoid elements and never occurs in epithelial cells under conditions existing in the organism), it would follow that the small thymus cells are the offspring of true lymphatic elements and are not derivatives of the epithelial cells.
It is also known that the true small lymphocytes may under certain conditions differentiate into plasma cells, and, in the case of birds, into special wandering cells, characterized by the presence in their cytoplasm of numerous minute acidophylic granules. An intensive differentiation of the cortical cells into plasma cells in the thymus of the hen may be observed after the administration of small doses of x-ray to the animals. This differentiation appears undoubtedly as a proof of the lymphatic nature of the small thymus cells.
Finally, the present study has shown the existence of a physiological differentiation of the small thymus cells into granular lymphocytes, characteristic of birds, which indicates strongly the lymphatic nature of the small thymus cells.
Histogenetically the Small Thymus Cells Are the Offspring of Cells
Morphologically Identical with the Lymphoid Hemocytoblasts.
The chief evidence for the lymphoid nature of the small thymus cells was recently shown by an invasion of the epithelial thymus anlage by wandering cells of mesenchymal origin. At the time of the first appearance of the small lymphocytes in the thymus of birds a striking picture of the differentiation processes is seen ( Fig. 1 ). At this time the loose tissue of the thymus medulla merges gradually into the denser cortical layer. The parts of the cortical layer closely adjacent to the medulla appear also less dense than the parts surrounded at the periphery by the loose connective tissue. The cells constituting the cortical layer exhibit a marked difference as regards their structure. In the looser parts adjacent to the medulla numerous large ameboid cells are found, the structure of which is typical for the lymphoid hemocytoblasts (Fig. 1 , L. Hbl.). Moreover, many of the cells seem to repeat on a miniature scale the structure mentioned (S. L. Hbl.). The nearer they approach the periphery of the organ, the denser becomes the tissue and the smaller appear the lymphoid hemocytoblasts. And they tenaciously preserve the characteristic nucleus, which is relatively large, light, and spherical in shape, containing a well defined nucleolus. Though the cytoplasm of these cells diminishes, it still appears intensely basophilic. These cells may be called small lymphoid hemocytoblasts, and multiply profusely. They do not appear specific for the thymus, but arise in the organism where the lymphoid hemocytoblasts proliferate intensely in regions insufficiently supplied with nutritive material. Their appearance in the thymus must therefore be connected with the local agglomeration of the cells in relation to their intensive proliferation.
The new generations of the small lymphoid hemocytoblasts continue to multiply at the expense of the large lymphoid hemocytoblasts as well as by their own mitotic proliferation. The cortical layer of the thymus abounds at this time with mitoses. The decrease in size of the small lymphoid hemocytoblasts does not extend beyond a definite limit. Their further existence in the limited and poorly vascularized space, where the cells are crowded together, must lead to a change in metabolism. This change reveals itself by the differentiation of a new cell form, the small lymphocyte (S. Lmc.). The gradual differentiation of the small lymphocytes at the expense of the lymphoid hemocytoblasts is easily established in the embryonic thymus. A gradual accumulation of differentiated chromatin in the nuclei is discernible in the cells (Fig. 1, x) . This accumulation is closely connected with a gradual exhaustion and a final disappearance of the nucleolus. The cells are ameboid and the narrow rim of cytoplasm becomes less basophilic. Fig. 2 shows a variety of transition stages (a to f) through which a large lymphoid hemocytoblast passes during its transformation into a small lymphocyte.
There is a striking difference in the mitoses (Fig. 3, a, b, c) of the two kinds of cells. It is difficult to establish the number of chromosomes, as their size is very minute. The size and the general aspect of the chromosomes, however, differ widely. The differences between the various kinds of mitosis, specific for certain types of cells, were repeatedly noticed. The peculiarities in the mitosis, appearing in connection with the cell differentiation, must not be overlooked, especially in view of the recent tendency to dissociate entirely the cell differen-tiation from the factorial background of the cells, which is supposed to be the same in every cell of the body.
In his last book Morgan" 7 states: "There is extensive evidence from cytology, experimental embryology, and regeneration, to show that all the different cells of the body receive the same hereditary factors" (which Morgan connects exclusively with the chromosomes). "We must suppose, then, that the Mendelian factors are not sorted out, each to its appropriate cell, so that factors for color go only to pigment cells, factors for wing-shape to cells of the wings, etc., but that differentiation is due to the cumulative effect of regional differences in the egg and embryo, reacting with a complex factorial background that is the same in every cell."
This statement finds support in histogenetic studies and in experimental embryology, but not to the extent outlined above. The hematopoietic studies corroborate the statement quoted above in demonstrating the existence of a lymphoid hemocytoblast, of which further differentiation into various kinds of blood cells is directed by the cumulative effect of regional differences. But there seem to exist in the different cells stages at which the chemical constitution and the metabolism of the cells are changed so essentially that the complex factorial background of the cell ceases to be the same for every cell. From this time on the cells are no longer interchangeable even under identical conditions; as, for example, in the blood stream. Under normal conditions the different kinds of blood cells within the vessels preserve unchanged their structural and functional peculiarities. Most of the cells present in the blood stream have lost their power of multiplication. Yet during leukemias the blood contains numerous less differentiated cells, endowed with mitotic faculty. They nevertheless do not interchange under identical conditions, to which they all are submitted in the blood current. In the hematopoietic organs, before the cells are fully differentiated and have lost their reproductive power, there appear differences in the mitotic process of their multiplication which are specific for certain kinds of cells.
With our limited knowledge and methods we cannot deny the exist-ence of functional differences between two morphologically identical cells. But from the time that certain groups of cells exhibit, both at the resting stage and during mitosis, well pronounced features characteristic only of these groups, the factorial background of the cell must have changed. If the complex of chromosomes, with which the Mendelian School exclusively associates the different factors, becomes visibly changed, a change in the factors of differentiation may be assumed. In view of a simultaneous restriction of differentiation potentialities in such cells a segregation of the differentiation factors may be assumed, if these factors are really as closely connected with the chromosomes as the Mendelian School supposes. The establishment of a definite morphological structure for the small lymphocytes at rest as well as during mitosis seems to be an argument for an admission of a special differentiation of this cell unity. The small lymphocytes as such do not present the last stage in their evolution, developing under certain conditions into mast cells, into plasma cells, and into granular cells specific for birds. The analysis of the origin of the small cortical cells in the embryonic thymus shows that these cells must be regarded as derived from stem cells the structure of which is similar to that of the lymphoid hemocytoblasts.
The Mother Cell of the Small Thymus Cell Is a True Lymphoid Hemocytoblast. It Is Polyvalent and May Be Directed into the Line of Granulopoiesis.
The small thymus cell is looked upon by many histologists as a product of differentiation of the epithelial cells. The morphological structure of the small thymus cells, identical with that of the small lymphocytes of the blood stream and lymphatic organs, does not seem to be a sufficient argument to establish the true lymphatic nature of the thymus cells. Therefore it would be vain to suppose that the morphological structure of their mother cells, identical with that of the lymphatic hemocytoblasts, would be taken into account for the solution of the problem. The small thymus cells are considered by many investigators as being merely a disguised form of epithelial cell. The same assumption may be applied to their mother cells. St6hr 8 and Marcus' 9 believe the small thymus cells to be capable of differentiating into true epithelial cells. Therefore the solution of the problem would depend upon the possibility of adding to the existing criteria new ones that are qualitatively different.
The study of hematopoiesis in reptiles has already given data relative to the potentiality of double differentiation which exists in the mother cells of the small thymus cells. These stem cells develop on the one hand into the small lymphocytes, and on the other hand into granulocytoblasts, and further into granulocytes (granular leukocytes). In birds and mammals this process does not seem to be of any importance. The polyvalence of the stem cells, which, in the thymus of reptiles, differentiate into cortical cells and granular leukocytes, is a strong argument for their true lymphatic nature and consequently for the lymphatic nature of both kinds of their daughter cells. If there is doubt of the identification of certain kinds of cells and of their mother cells, but if a possibility exists of tracing a characteristic line of differentiation of the polyvalent mother cells, the nature of these common mother cells is thereby solved and the identification of the other products of differentiation greatly facilitated.
On a recent occasion I had the opportunity 2 0 of demonstrating the polyvalence of the mesenchymal cells in embryos of 7 to 10 days, which revealed itself in a striking manner through the whole loose mesenchyme after spleen grafts on the allantois. 2 ' The specific line of granulocytoblastic differentiation, exhibited by the mesenchymal cells in different regions of the body, is also shown by the lymphoid hemocytoblasts of the thymus.
The anlage of the thymus appears in the form of separate foci of epithelial tissue, which at the beginning are independent. These agglomerations of epithelial cells develop in a full grown bird into large flat glands (0.5-1.5 cm. in length) which often join. They are located in the embryo, as well as in the adult animal, a little be- hind the neurovascular bundle of the neck, and extend a little lower than the clavicle. Macrdscopically the grafting is followed by a visible enlargement of the thymus glands. This enlargement may be noticed as early as 2 days after grafting. On microscopic examination the thymus appears to be widely infiltrated by the large lymphoid hemocytoblasts, which proliferate intensely. The tissue of the thymus assumes a looser appearance, the limits between the cortex and the medulla disappearing almost completely. The infiltration by hemocytoblasts is equally strong in the cortex and medulla. Even at this early stage, after grafting, the lymphoid hemocytoblasts show conspicuously a tendency to differentiate in a granulocytoblastic direction and many of them develop in their cytoplasm numerous acidophylic granules. This line of differentiation of the hemocytoblasts is intensely developed in the thymus tissue 3 to 4 and 5 days after grafting (Fig. 4) . One of the numerous protuberances covering the surface of the thymus is shown in the drawing. On the right of the figure is seen a part adjacent to the medulla. On the left are shown the peripheral layers of the thymus.
The cells forming the tissue of the thymus are different in structure. Besides a few reticulum cells, the cortical layer of the thymus contains large lymphoid hemocytoblasts (L. Hbl.), characteristic of this stage, and also small lymphocytes (S. Lmc.), which develop at the expense of the first mentioned cells. The differentiation of the small lymphocytes is, however, not intense, as in the normal thymus of the same stage (Fig. 1) , and seems to be partly substituted by an intense development of granulocytoblasts and granulocytes (Fig. 4, Grbl. , Grc.). This process of differentiation of the large hemocytoblasts undoubtedly corresponds to what is seen normally in the specific granulocytoblastic organs, chiefly in the annexes of the yolk sac (Danchakoff22), and in the bone marrow, and partly in early stages in the mesenchyme.
The development of the granulocytoblasts and their further differentiation into granular leukocytes is principally localized in the parts of the thymus where the tissue is looser. The tissue being less dense in the medulla and in the adjacent parts of the cortical layer, more numerous granulocytoblasts develop. The hemocytoblast here seems to find suitable conditions for growing into a large cell and for developing in its cytoplasm numerous acidophylic granules. A peculiar feature in the differentiation of granulocytoblasts after grafting is exhibited by pronounced differences in the size of the cells. It is possible that this is connected with the intensity of the process, spreading out over many cell generations at the same time. Most of the granulocytoblasts here are also large cells. The cells in Fig. 5 , a to f, show the gradual transformation of a lymphoid hemocytoblast into a granulocytoblast and further into a granulocyte. The proliferation of the cells in the peripheral layers of the thymus is very intense, as is normally the case, and the hemocytoblasts gradually become smaller. The areas of rapid cell proliferation, accompanied by a diminution in cell size, are here, as normally, the first centers of differentiation of the small lymphocytes.
The transformation of the stem cells in the thymus into granulocytoblasts is an important argument for their true lymphatic nature and also for the lymphatic nature of the other products of differentiation of these stem cells; namely, of the small thymus cells. The same stem cells which under conditions of normal development produce a generation of small thymus cells now become the source of a most intense granulopoiesis. It is known that in normal development granulocytes and granulocytoblasts differentiate at the expense of a polyvalent lymphoid hemocytoblast, which under definite conditions becomes also the source of development of small lymphocytes.
The possibility of experimental deviation of the normal development of the mother cells in the thymus proves: (a) that the mother cells of the small thymus cells, being capable of differentiation also into granulocytoblasts, are true lymphoid hemocytoblasts; and (b) that the small thymus cells, being the offspring of true lymphoid hemocytoblasts, and exhibiting the structure of small lymphocytes, are true small lymphocytes.
That the mesenchymal cells and the lymphoid hemocytoblasts developing from them are known to be polyvalent, is chiefly the result of the studies of Bryce, 23 Danchakoff, and Maximow. The study of hematopoiesis in birds and reptiles has shown that the granulo-and erythropoiesis, both developing from a common source, proceed independently under different environmental conditions (Danchakoff24). By this means the form and the finer structure of cells, derived from the polyvalent mesenchymal cells were thought to be the result of definite chemicophysical influences. The mesenchymal cells and the hemocytoblasts do not escape, under the conditions of the present experiments, the influence of the chemicophysical agents. The granulocytoblasts as usual develop from hemocytoblasts outside the vessels, and the hemocytoblasts derived from the mesenchymal cells partly differentiate into small lymphocytes, as is normally the case. The experiments confirm the statement that the differentiation is dependent upon the environmental conditions. The proliferation, however, seems to be influenced by specific stimuli which also enable a partial deviation of the normal differentiation. The stimuli for the proliferation of the cells in the loose mesenchyme, which are strong in the early periods of embryonic development, decline in later stages, and the proliferation of these cells stops in certain parts of the organism and proceeds very slowly in others. These cells may be regarded as being "in a period of rest from which they may be aroused by special substances" (Loeb26). After grafting, the presence in the circulation of specific products of metabolism from the grafted spleen cells produces a strong irritation in the mesenchymal cells. The mesenchymal cells respond to this irritation by growth, Edinburgh, 1904, xli, 291; Part II. H.ematogenesis, ibid., 1905, xli, 435. 24 Danchakoff, V., Untersuchungen iber die Entwickelung des Blutes und Bindegewebes bei den V6geln. I. Die erste Entstehung der Blutzellen beim Hiihnerembryo und der Dottersack als blutbildendes Organ, Anat. Hefle, 1908, xxxvii, 471; Ueber die Blutbildung im Dottersack des Hiihnchens, Verhandl. anat. Ges., Anat. Anz., 1908, xxxii, Suppl., 72 ; Ueber die Entwicklung des Knochenmarks bei den V6geln und fiber dessen Veranderungen bei Blutentziehungen und Ernihrungsst6rungen, Arch. mikr. Anat., 1909, lxxiv, 855. 25 Loeb, J., The Stimulation of Growth, Science, 1915, xli, 704. multiplication, and differentiation, which in this case is into granulocytoblasts and granulocytes. Loeb 2 6 attributes the stimulation of growth to the influence of certain substances. Gudernatsch 27 has shown that the feeding of thyroid substance has a stimulating effect upon the growth of the limbs of the tadpole. In the latter case the thyroid substance merely accelerates the normal rate of proliferation of embryonic cells.
The sudden and general proliferation of the mesenchymal cells and their further differentiation in the embryo body after grafts on the allantois includes also cell groups which would normally remain indefinitely in a period of rest. This sudden proliferation is accompanied by a differentiation, which would also not have taken place here. In this respect the results of my experiments correspond closely to those of Loeb in connection with the regeneration in Bryophyllum calycinum. Only the wound stimulus is absent in the experiments with grafting, and the proliferation and differentiation of the mesenchymal cells in the embryo body are probably stimulated by the appearance in the embryonic tissues of specific substances, involving the growth of certain kinds of cells. This power of stimulating the growth at will and of directing the differentiation of the mesenchymal cells may offer further suggestions in the study of hematopoiesis.
For our partial problem the deviation of the normal differentiation of the polyvalent stem cells in the thymus into another line seems to me to be definite proof of the true lymphatic nature both of the stem cells and of the small cortical cells.
The Small Thymus Cell Is a True Small Lymphocyte. It May Differentiate into a Granular Lymphatic Cell and into a Plasma Cell.
The various potentialities of differentiation in a polyvalent mother cell may under definite conditions be used for the identification of the daughter cells. The further differentiation of the daughter cells may also serve as criteria for cell identification.
26 Loeb, J., Rules and Mechanism of Inhibition and Correlation in the Regeneration of Bryophyllum calycinum, Bot. Gaz., 1915, Ix, 249. 27 Gudernatsch, J. F., Feeding Experiments on Tadpoles. II. A Further Contribution to the Knowledge of Organs with Internal Secretion, Am. J. Anat., 1914, xv, 431. The tissue of birds, particularly the loose connective tissue, contains characteristic wandering cells, which show in their cytoplasm numerous small spherical eosinophilic granules. These cells develop at the expense of the small lymphocytes in later stages of embryonic life (Danchakoff), and their presence in the connective tissue of the adult animal has been described by Solucha.
2 s The present study has shown that this process of differentiation of specific granular lymphocytes also takes place physiologically in the normal thymus glands. Fig. 6 represents a small group of such cells in the loose connective tissue and Fig. 7 a group of similar cells in the thymus. The cell marked x shows the gradual accumulation of small eosinophilic granules. A development of the small thymus cells into another line of differentiation, namely, into plasma cells, may be induced by administration to the animals of small doses of x-ray. Schaffer described analogous changes of small lymphocytes into plasma cells as occurring during the physiological involution of the thymus. Numerous small thymus cells differentiate under these conditions into plasma cells. Fig.  8 shows a group of developing plasma cells situated in the reticulum. It is easy to follow the gradual development of a plasma cell from a small thymus cell (S. Lmc.). The cytoplasm becomes more abundant and basophilicand the nucleus undergoes characteristic changes (x). The chromatin condenses into larger blocks which usually adhere to the membrane. This change leads finally to the formation of a typical Radkern.
Normal thymus glands, excised before the treatment of the animals, show that the occasional differentiation of the small thymus cells into plasma cells is due to the specific influence of small doses of x-rays.
The experimental and physiological transformation of the small thymus cells and their mother cells into products peculiar only to the group of lymphoid elements thus causes the small thymus cells and their mother cells to be included in this group.
It is important in this connection, that the various differentiations described above are confined under the conditions cited, both to the thymus cells and their stem cells, as well as to the true small lymphocytes and the lymphoid hemocytoblasts found in other parts of the organism. The differentiation of the hemocytoblasts into granulo-cytoblasts and granulocytes has already been mentioned. The physiological differentiation of the small lymphocytes into granular lymphocytes, and the experimental differentiation of the small lymphocytes into plasma cells is equally general.
The principle of differentiation of cells as a criterion for cell identification was considered in the present paper in relation to the small cortical cells of the thymus. The same principle may serve as a criterion for the identification of other cells, the morphological structure of which does not offer sufficiently definite data for their identification. . Scheme for some of the differentiation products of the loose mesenchyme.
SUMMARY.
The main problem which has been considered in this paper is the identification of the small thymus cells. Cells resembling ?A infiltrate the cortical layer of the thymus. Whether these cells are true lymph cells, or whether they merely represent a disguised epithelial cell, could not be solved either by purely histological or by histoand embryogenetic studies.
Text- fig. 1 gives a scheme for the differentiation of the small thymus cells and the small lymphocytes, which led to a conception of the lymphoid nature of the small thymus cells. On the left of the figure is shown the origin and the normal differentiation of the small lymphocytes and their mother cells in birds. The source of the lymphoid cells is the loose mesenchyme. The small lymphocytes (S. Lmc.), normally situated in the spleen, in the connective tissue, and in the bone marrow, appear as differentiation products of the lymphoid hemocytoblasts (L. Hbl.), especially when the latter multiply intensely in a limited space, become smaller (S. L. Hbl.), and finally change their morphological structure. The small lymphocytes may themselves under definite conditions undergo further differentiation and develop into plasma cells (Plc.) and into granular lymphocytes (Gr. Lmc.), specific for birds. The mother cells of the small lymphocytes, the lymphoid hemocytoblasts, on the other hand, differentiate in granulopoietic organs (spleen, bone marrow) into granulocytoblasts (Grbl.) and granulocytes (Grc. (Lkc.) ).
The histogenetic study of cell ?A shows that its nearest stem cells are represented by the cells ?B and ?c (page 93). The striking similarity in the structure of cell ?A with that of the small lymphocyte (on the left of the text-figure), as well as the analogy of the process of its differentiation, at the expense of cells ?B and ?c, with the normal origin of the small lymphocytes, has led many investigators to accept the mesenchymal origin of the small thymus cells. According to this view, cell ?A becomes a true small lymphocyte. In addition to this is the observation of an invasion of the epithelial thymus anlage by mesenchymal elements.
According to the transformation theory cell ?A has become a disguised epithelial cell. The same was admitted for their stem cells ?B and ?c. As mentioned above, many characteristic morphological features of cell structure were shown to be not as essential as previously admitted. Nerve cells and epithelial and connective tissue cells may all assume a spherical shape in a liquid medium. How then are we to regard the small thymus cell ?A ?
If the mother cell of the thymus cell ?A is really a lymphoid hemocytoblast, it must possess the differentiation potentialities of a true lymphoid hemocytoblast; it must have the faculty of differentiating not only into small lymphocytes but also into granulocytoblasts (Grbl.") and further into granulocytes (Grc. (Lkc.)"). If the small thymus cell ?A is a small lymphocyte it must under definite conditions be able to differentiate in the directions characteristic of true small lymphocytes; namely, into plasma cells (Plc.") and into granular lymphocytes (Gr. Lmc."). The existence of these possibilities for differentiation of the small thymus cells ?A and their stem cells ?c have been experimentally proved by this study.
It has been shown that the mother cell ?c may under certain conditions proliferate intensely and differentiate into granulocytoblasts and granular leukocytes. This is probably due to the stimulating action of certain metabolic products of the grafted spleen cells.
It has been also shown that the small thymus cell ?A may differentiate physiologically into a granular lymphocyte, and under administration of x-ray into a plasma cell.
All the changes observed on the small thymus cells and their mother cells apply under equal conditions to the lymphoid hemocytoblasts and to the true small lymphocytes in the regions of the organism where these cells are present.
EXPLANATION OF PLATES.
All the figures were drawn with the camera at stage level, with Zeiss Apochromat 2 mm. oil immersion objective, and No. 12 compensating ocular.
The abbreviations are the same for all the figures. Fb., fibroblast; Grbl., granulocytoblast (myelocyte); Grc., granulocyte (leukocyte); Gr. Lmc., granular lymphocyte; L. Hbl., lymphoid hemocytoblast (large lymphocyte); Msc., mesenchyme cell; Rtcc., reticulum cells in the thymus; S. L. Hbl., small lymphoid hemocytoblast; S. Lmc., small lymphocyte; S. Lmc.', mitosis of small lymphocyte; x, a transition cell between two stages of differentiation; Plc., plasma cell. 
